The development of the rod pinch diode [1] has led to high-resolution radiography for dynamic events such as explosive tests. Rod pinch diodes use a small diameter anode rod, which extends through the aperture of a cathode plate. Electrons borne off the aperture surface can self-insulate and pinch onto the tip of the rod, creating an intense, small x-ray source (Primary Pinch). This source has been utilized as the main diagnostic on numerous experiments that include high-value, single-shot events. In such applications there is an emphasis on machine reliability, x-ray reproducibility, and x-ray quality [2] .
I. ROD PINCH DIODE OVERVIEW
The rod pinch diode is made up of a cathode plate with aperture and a small diameter anode rod that extends through the aperture (Fig. 1) . The rod is made of high-z material, which is chosen for its bremsstrahlung efficiency. When the diode is pulsed, it produces an intense x-ray source used for pulsed radiography.
The baseline diode consists of a 0.75 mm diameter tungsten, tapered anode rod, which extends 10 mm through a 9 mm diameter, 3 mm thick aluminum aperture. The majority of the electron beam current is created at the cathode aperture, and when properly configured, the electrons will self-insulate, travel down the extension of the rod, and pinch onto the tip of the rod [3] .
A rod pinch radiograph is shown in Fig. 2 . Both the Primary and Secondary Pinches are labeled. The undesired Secondary Pinch creates blur, thereby reducing image clarity, which compromises the original intent of a high resolution source.
In this paper, performance of hybrid diodes will be compared with the baseline diode. To this end a figure of merit (FOM) is employed, which is defined as the ratio of the integrated density of the Primary Pinch to the Secondary Pinch. The FOM is a comparative tool, but in some cases the individual pinches will be evaluated separately. The main diode characteristics altered in this parameter study are anode material and anode geometry. 
II. PINHOLE CAMERAS
There are two identical x-ray sources and two identical pinhole cameras used for this study. The cameras are located below the source as shown in Fig. 3 and 6. Precise camera positioning is maintained from shot to shot. Camera alignment is verified by an alignment laser before each shot (Fig. 4) .
The cameras are labeled Al1 and Al2 (This is consistent with earlier naming conventions where the color or skin material of the camera is used in the label-in this case Al since the camera outer shell is aluminum). Camera specifications are shown in Table 1 . These cameras have minimal line-of-sight obstruction (due to the aluminum vacuum envelope) except for additional tungsten shielding used to attenuate the Primary Pinch (Fig. 5a ). A tungsten shield (0.625 in. thick) is attached to the cathode cover. Using this method, the intensity of both pinches falls within the dynamic range of the imaging phosphor. Since both pinches expose the imaging phosphor without saturation, and the field-of-view includes the entire anode rod, both Primary and Secondary Pinches may be captured on the same radiograph (Fig. 5b) . The tungsten shield is attached with nylon screws. Therefore, the tungsten shield provides a fiducial via its outer circumference and the locations of the mounting screws.
The x-ray attenuation (I/Io) for the Primary and Secondary Pinches is calculated in Fig. 7 . Attenuation for the Primary Pinch (0.625" W @ 1 MeV) is 0.13. Attenuation for the Secondary Pinch (1" Al @ 1 MeV) is 0.66. Therefore, the intensity of the Primary Pinch is reduced by 5x compared to the Secondary Pinch. • Sensitivity s4000 -Voltage levels to the photo multiplier tubes, which controls reading sensitivity • Pixel size 50um -Scanner resolution • Latitude L5 -Dynamic range (two ranges available:
L5=16-bit or L4=8-bit)
IV. IMAGE ANALYSIS
Four different software packages are used to analyze the data.
• ImageJ image analysis software.
• Voss Scientific DAAAC analysis software used to import line out date where spot spacing distance is measured and recorded. • IDL imaging software used to convert image data to raw counts.
III. IMAGE ACQUISITION
• Microsoft Excel spreadsheet calculating software where graphs and result tables are created. The images from the pinhole cameras are recorded onto Fujifilm imaging plates (IPs) model number BAS MS. An IP is a radiation energy memory type two-dimensional sensor, which has an image recording layer consisting of polyester base material densely coated with accelerated phosphorescent fluorescent material of fine crystals. An IP accumulates and stores radiation energy while it is exposed. Two parameters measured from the image are (1) distance from Primary Pinch to Secondary Pinch and (2) integrated density, which is used to determine FOM.
The following steps are used to measure Primary to Secondary distance (Fig. 8) .
• The radiograph is imported into ImageJ, cropped, and a lineout is recorded. The Fujifilm FLA7000 fluorescent image analyzing system was used to read the IPs. The recording surface of an exposed IP is scanned with a laser beam inside the FLA-7000 and emits fluorescent light relative to the exposure level.
• The lineout is imported into DAAAC.
• Image distance in pixels is measured, and real distance is calculated, taking into account camera magnification and camera angle. A photo-multiplier tube detects the fluorescent light and converts it to electric signals. A radiation image recorded on the IP during exposure is read as digital image information at the maximum resolution of 25 μm per pixel (40 pixels/mm) and recorded in the analyzer unit.
The settings used during the IP readings on the Fujifilm FLA7000 Fluorescent Image Analyzing system are as follows: The following steps were taken to analyze the data and calculate the FOM (Fig. 9 ): 1. The fuji_psl_tiff.pro routine is run in IDL to create a raw data file in tiff format. 2. The raw tiff image is opened in ImageJ and cropped using a predefined rectangle then saved. 3. This saved image from the previous step is cropped after placing a predefined square around the Secondary Pinch area. This image is saved. The image is viewed with the 3D feature in ImageJ to determine how much background the data is riding on. The Integrated Density is measured. The ImageJ background subtract (rolling ball radius set to 50 pixels) is performed, and the image is viewed in 3D to ensure this process did not over-correct the data. The Integrated Density is measured and recorded. 4. The previous step is repeated for the area around the Primary Pinch using a larger predefined square. 5. The recorded Integrated Densities in Steps 3 and 4 are imported into Microsoft Excel where the FOM is calculated.
Figure 9.
Steps utilizing ImageJ software to make consistent measurements to calculate and compare the FOM for each case.
V. ANODE CATEGORIES
There are 15 different diode configurations. In most cases four tests were done with each category (Table 2) . Five categories deal with solid rods (example in Fig. 10 ). Ten categories deal with tubes with high-z slugs or spheres (examples in Fig. 11 and 12) . 
VI. PINHOLE CAMERA RESULTS TABLE

VII. SUMMARY Primary to Secondary Distance
The distance from the Secondary to Primary Pinch, for categories C and O match the baseline shots (A) where the other categories are up to 2 mm longer. This is due to the geometry of the rod tip. Categories A, C, and O have a tapered tip, while all others have blunt tips and one, the J category, is a sphere. The distance from the Primary to Secondary Pinch was consistent for all Diode Categories (Rod and Tube) to within +/-2 mm.
Secondary Pinch Intensity (F, H, I
) When compared to a standard tungsten rod, the stainless steel tubes with high-z inserts showed no damage ( Fig. 13) and reduced the integrated density of the Secondary Pinch by 50%.
(K, L) When compared to a standard tungsten rod, the large diameter aluminum tubes with long high-z insert showed no damage at the base (Fig. 13) and reduced the integrated density of the Secondary Pinch by 75%. The aluminum tubes had an additional third pinch at the tube high-z interface, reducing its effectiveness. Although the distance measurement for categories K and L appear > 1 mm longer, it may be due to error in trying to center the measurement at the Secondary Pinch on a fixed peak that was non-existent with these two categories (Fig. 14) .
FOM
The FOM was improved for the tube categories by way of reduction in Secondary Pinch intensity. The stainless steel categories also did eliminate damage to the rod holder, which is an attractive feature for reduction of post-shot diode debris.
